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Introduction
Visceral leishmaniasis (VL) is an anthropozoonosis associated to infection by different protozoa species of the genus Leishmania, primarily transmitted by the bite of infected phlebotomine sandflies. In Brazil, the disease is caused by Leishmania infantum, transmitted by vectors of the genus Lutzomyia [1, 2] , with an estimated annual incidence of 4,200 to 6,300 cases and a case-fatality rate of 7% [3, 4] .
Infection by the human immunodeficiency virus (HIV) is a severe worldwide public health problem, with an estimate of 36.9 million people living with HIV infection and 2 million new infections occurring each year. Although HIV infection is widespread, the burden of the disease is much higher in sub-Saharan Africa, followed by Southeast Asia, the Americas, Europe, Western Pacific, and the Eastern Mediterranean region. Estimates indicate that 1/3 of the persons with HIV infection live in risk areas for leishmaniasis transmission. This geographic overlap results in an increasing number of HIV-Leishmania coinfected cases which has been reported in 35 countries [5, 6] .
The severity of the VL-HIV coinfection is worse in some African countries, such as the Sudan and Ethiopia, where 35% of all VL patients are also infected by HIV [7] . In Brazil, the recent alterations of the acquired immunodeficiency syndrome (AIDS) and VL distribution patterns, such as movement of the HIV infection to rural areas and the urbanization of VL associated to the rise of VL cases among the 20-49 years old age group, have pointed that the population has a more likely risk to present both infections [8, 9] . Despite the Brazilian policy of free access to highly active anti-retroviral therapy (HAART), the country has a relevant number of HIV infected persons who ignore their HIV status leading to delayed first consultation after the appearance of advanced symptomatic immunodeficiency.
The increasing number of VL/HIV coinfected cases in the world contrasts with the European scenario where the introduction of the (HAART) led to a decrease in the number of VL/ HIV coinfected cases particularly in Spain, France and Italy [10] [11] [12] .
Considering the current worldwide epidemiological of VL/HIV infection worldwide, the use of analytical descriptive tools, such as mapping, pattern analysis and identification of population profiles, are essential to the development of strategies to approach the clinical and epidemiological challenges presented by VL/HIV coinfection [13] . The present information available in scientific literature from Brazil is restricted to case reports and a few local analyses of serial cases of VL/HIV coinfection, justifying the development of a broader analysis of the occurrence of this coinfection in the whole country.
This study describes the clinical and epidemiological profile of VL patients coinfected with HIV and compares this profile with that of VL patients without coinfection.
Methods

Ethics statement
This Project was appreciated and approved by the Research Ethics Committee of the Sergio Arouca National School of Public Health-CEP/ENSP of the Oswaldo Cruz Foundation (CAAE: 00613312.6.0000.5240). The information used in this study was taken from secondary databases, so no ethics statement was required. All the information that identifies the patient was anonymized.
Study design
A descriptive and exploratory study was carried out with secondary data of VL and AIDS cases in Brazil. We analyzed data from all 21 states that presented VL cases from 2001 to 2010.
Population and source of data
The study population was constituted by all VL cases, from 2001-2010, reported to the Notifiable Diseases Information System (Sinan, acronym in Portuguese) after a preliminary analysis to remove duplicities. A single database for AIDS cases was created from the integration of cases reported to Sinan, the Mortality Information System (SIM, acronym in Portuguese), the Laboratory Tests Control System (Siscel, acronym in Portuguese), and the Medication Logistics Control System (Siclom, acronym in Portuguese), from 1980 to June 2011.
Inclusion criteria
In order to associate the VL and AIDS databases all VL cases reported to Sinan were included in this study. For analyses purposes, we considered only VL Sinan confirmed cases or cases with at least one record of positive result by some VL laboratory diagnostic test. During the study period, the Brazilian Ministry of Health (MoH) recommended that all VL suspicious cases were to be notified and investigated through a standardized information form available at the Sinan. Given the relevance of HIV coinfection in the clinical progression of this disease, there is a specific field in this form to register this information; however only approximately 65% of the forms registered such data. This fact justified the search for coinfection cases not registered in the VL database at Sinan through the association of this system to other information systems with records of AIDS cases and deaths in Brazil.
Throughout the research period, notification of HIV asymptomatic infection, which did not require specific treatment, was not mandatory in the country. Thus, all HIV patients registered in the database for AIDS cases presented AIDS symptoms or were considered as people living with the disease, with the need of some sort of specific therapeutic intervention to prevent disease progression.
Data processing and analysis
Considering that the VL and AIDS database had no univocal identifier, the RecLink III [14] software was used as a method for database linkage, implementing a probabilistic record linkage. As suggested by Camargo Jr & Coeli [14] , in this study we considered the following variables for matching records from the different databases: name of the patient, name of the mother and date of birth.
The multiple steps strategy was used for the blocking, noting that in each stage only not previously paired records were evaluated [15] . We opted to carry out three consecutive stages: 1 st ) soundex codes of the first and last name of the patient, taking into account if the names had identical sounds, disregarding the spelling, in combination with the gender and municipality of residence; 2 nd ) soundex codes of the first and last name of the patient in combination with gender, and 3 rd ) soundex codes of the first and last name of the patient. A score value, corresponding to each pairing, was generated after the blocking stage indicating the true value of each identified pair. Pairs with a minimum score value equal to 19 were considered as true pairs, and score values below 10 were considered as non-pairs. We performed a manual inspection of the doubtful areas ("grey area") between score values of 10 to 19, in search for other possible pairs. At the end of this process, records not considered as pairs were excluded from the final archive.
Lastly, after the three blocking stages and the manual inspection, the true pairs archives were combined into one single archive, which was manually inspected to remove eventual duplicated pairs.
From this database, the absolute number of cases was considered to estimate the magnitude of the VL/AIDS coinfection in Brazil. Furthermore, we calculated the proportion of coinfected cases, out of the total of VL confirmed cases, the incidence rate per 100,000 population, and the fatality rate. The population data was obtained from the Brazilian Institute of Geography and Statistics (IBGE, acronym in Portuguese) [16] .
The spatial distribution of the VL/AIDS coinfected patients was assessed by thematic maps produced with the Terraview software (4.2.0 version), according to the state and municipality of residence.
To generate a map, with the areas with greater risk of VL/HIV coinfection, the average incidence per 100,000 population was calculated. Where, the numerator was composed by the average number of incident confirmed cases, by state of residence along the study period, and the denominator by the population data of the IBGE in the middle of the study period (07.01.2006).
Afterwards, the VL cases were categorized into three groups for clinical-epidemiological comparative analysis purposes:
• Group 1 -VL/AIDS Coinfected patients: individuals that, after the probabilistic linkage procedure, were found in both VL and AIDS databases, regardless of the filling of the HIV specific field (positive, negative, ignored) of the VL information form;
• Group 2 -VL/HIV Coinfected patients: individuals that, after the probabilistic linkage procedure, were not found in the AIDS database; however, were marked in the VL database as "positive" in the HIV specific field of the VL information form;
• Group 3 -Non-coinfected patients: individuals that, after the probabilistic linkage procedure, were not found in the AIDS database; however, were marked in the VL database as "negative" or as "ignored" in the HIV specific field of the VL information form.
A completeness assessment was performed with the initially proposed variables to select those to be included in the comparative analyses between the groups. The variables with 50% of blank or ignored information were excluded.
Considering the possible influence of the age variable among the other ones, the normality test was done for each group through the Kolmogorov-Smirnov test. Subsequently, the Kruskal-Wallis test was performed to confirm significant statistical differences (p<0.05) in the average age of the three groups. Lastly, the Mann-Whitney test for between-groups comparisons with Bonferroni correction was used to identify possible age differences between each pair of groups.
Initially, comparative analyses were performed separately for two age groups; since, for epidemiological surveillance purposes, the cases definition of the Brazilian Department of STD/ AIDS and viral hepatitis are: children under 13 years of age and patients aged 13 years or over [17] .
The differences between the groups for the demographic, clinical and epidemiological profiles were analyzed for each of the selected variables through the difference among the proportions of the two groups and their respective 95% confidence intervals.
Results
Through the association of the databases, we could identify 1,447 possible pairs of VL/AIDS coinfected patients, from the total of notified VL cases, from 2001-2010 (65,914) . From these, 760 met the inclusion requirements of this study (Group 1), representing 2.1% of the total of confirmed VL cases (35, 819) . Out of these 760 coinfected patients, 500 were marked as HIV positive in the VL information sheet, 161 as negative, and 99 as blanks or ignored.
We additionally found that 541 notified cases in the VL database were marked as HIV positive but were not identified in the AIDS database (Group 2). Thus, the total number of VL/ HIV coinfected cases identified in this study was 1,301 (Group 1 + Group 2). , an approximately five-fold increase over the period. This same pattern can be identified in the incidence rates. In 2010, the incidence was 0.07 cases per 100,000 population, which is seven-fold higher than in 2001 (0.01 cases per 100,000 population) (Fig 1) . (Fig 2) .
From 2001-2002 the VL/AIDS coinfection cases were predominantly distributed in municipalities of the North and Northeast Region of the country. However, along the next periods we noticed an increase in the number of municipalities with this coinfection, reaching mainly the Southeast and Midwest Regions of the country (Fig 3) .
From the 35,819 VL cases included in this study, 760 (2.12%) belonged to group 1 (VL/ AIDS coinfected patients), 541 (1.51%) to group 2 (VL/HIV coinfected patients) and 34,518 (96.37%) to group 3 (non-coinfected patients).
Considering that children represented a small percentage of the VL/AIDS and VL/HIV coinfected cases (12.14%) and 58% of the non-coinfected VL patients, we opted to perform an initial descriptive analysis separately for two age groups: children under 13 years of age, and patients aged 13 years or over (S1 and S2 Tables, respectively) .
The total of children under 13 in this study was 20,233 (56.49%), of which 33 (0.16%) were VL/AIDS coinfected patients (Group 1), 125 (0.62%) were VL/HIV coinfected patients (Group 2) and 20,075 (99.2%) were non-coinfected (Group 3). In general, VL/AIDS children were older and more frequently from urban areas than their VL/HIV coinfected and non-coinfected counterparts. The male:female ratio was also higher among VL/AIDS children. Both VL/AIDS and VL/HIV children were more likely to present hemorrhagic phenomena and to progress to death than the non-coinfected group. Such differences should be considered with caution because of the small numbers of coinfected children, particularly in the VL/AIDS group. A Visceral leishmaniasis and HIV/AIDS in Brazil detailed demographic, clinical and epidemiological characterization of this age group, according to the three analyzed groups, is described in S1 Table. The total of patients aged 13 years or over in this study was 15,586 (43.51%), of which 727 (4.66%) were VL/AIDS coinfected patients (Group 1), 416 (2.67%) were VL/HIV coinfected patients (Group 2) and 14,443 (92.67%) were non-coinfected (Group 3). In general, there were not major differences between Groups 1 (VL/AIDS) and 2 (VL/HIV), although the first progressed to death more frequently (28%) than the last (21.7%). However, both Groups 1 and 2 showed substantial differences in relation to Group 3 (non-coinfected). Groups 1 and 2 more frequently came from urban areas, presented infections, had a positive parasitological diagnosis, were diagnosed as relapse cases, used amphotericin and evolved to death. A detailed demographic, clinical and epidemiological characterization of this age group, according to the three analyzed groups, is described in S2 Table. For both children under 13 years of age and patients aged 13 years or over the descriptive analyses revealed a resemblance of the distribution of the variables between groups 1 (VL/ AIDS coinfected) and 2 (HIV/VL coinfected) (S1 and S2 Tables). Considering that the individual management of the HIV-infected patient in the presence of VL is similar to the patient with AIDS and VL, [18] we decided to merge groups 1 and 2 in a single group for the subsequent analyses of differences between the coinfected and non-coinfected profiles, as described in Table 1 .
As depicted in Table 1 , differences between coinfected and non-coinfected were detected for all characteristics evaluated. In comparison to non-coinfected cases, the coinfected patients were older, predominantly male and from urban/peri-urban areas. Regarding VL clinical manifestations coinfected patients showed a higher frequency of weakness, loss of weight, cough, infectious process, and hemorrhagic phenomena than their non-coinfected counterparts. Conversely, splenomegaly, hepatomegaly and jaundice were more frequently found in the noncoinfected cases.
Concerning the VL laboratory confirmation, the coinfected cases were mainly diagnosed by a parasitological test, whereas the non-coinfected by an immunological test. Amongst coinfected individuals, the relapse proportion was twice as higher than of non-coinfected. The fatality rate was 25% in coinfected cases, which is three times higher than in non-coinfected.
Discussion
During the study period, from the total of VL confirmed cases, 760 (2.1%) were coinfected with AIDS (Group 1) and 541 (1.5%) marked as HIV positive in the VL information form (Group 2), were not identified as AIDS cases. The temporal analysis showed an increase in the number of coinfected people during this period, and that this growing tendency, if maintained, will confirm WHO's expectation that the number of VL/HIV coinfections tends to rise in the next few years [13] .
Despite the increase in the number of coinfection cases in Brazil, shown in this study, data from the Brazilian MoH shows that the number of VL cases has remained stable [19] . This observation, together with the finding that coinfected cases come more often from urban areas than non-coinfected cases, suggests that the VL urbanization, which began in the 1980s, contributed to the emergence of VL/HIV coinfection mainly in urban areas of the country.
When we analyzed the spatial distribution of the VL/AIDS coinfection cases, by state, we noticed a record of this disease in all the Brazilian regions, even in states where autochthonous VL cases have not yet been recorded, such as Paraná, Amazonas and Rondônia.
From the total of VL cases in this study, the majority were children under 13 years old (56.49%), which is in line with historical data from the Brazilian MoH, although since 2014 this group accounted for less than 50% of all VL cases in Brazil [20] . The male:female ratio was higher among coinfected patients aged 13 years or over than that found in children under 13 years of age, which was nearly 1:1. Pintado et al [21] also found a higher ratio among coinfected cases; however, this difference was not statistically significant. We also observed that the coinfection cases are higher among adult males, as previously described [21] [22] [23] .
The average age found among the coinfected cases was 34 years, while, amid the non-coinfected cases it was approximately 19 years, being one of the main differences found between the two groups. Even though young adults were more affected, some authors believe that among the immunocompetent population the disease is more frequent during childhood [21, 23, 24] .
In this study, the more frequent clinical manifestations between the coinfected were fever, weakness, weight loss and splenomegaly; some of these results are similar to the ones found by Alexandrino-de-Oliveira [25] and by Pintado et al [21] . On the other hand, some authors affirm that immunodeficient patients present different clinical manifestations, such as lack of visceromegaly or fever [26] .
The analyses of the VL clinical manifestations revealed a higher frequency of weakness, loss of weight, cough, infectious process, and hemorrhagic phenomena among the coinfected than in the non-coinfected. Whereas, splenomegaly, hepatomegaly and jaundice were more frequent in non-coinfected cases. The differences found between the two groups were small, however, significant. Although it did not represent the highest proportion amongst coinfected patients, splenomegaly in this group was still elevated (79.7%), which is a similar result found by Nuno-Marques et al [23] and Daher et al [27] , but contrary to other studies [28, 29] . The difference between the proportions of splenomegaly among non-coinfected and coinfected was 6.7% (95%CI 4.5 to 9.1), along with coinfected patients presenting a lower frequency of spleen enlargement. These results are similar to the ones found by Fernández-Guerrero et al [30] and Pintado et al [21] ; however, in the first study there was no significant difference between patients with or without AIDS. In the second mentioned study, splenomegaly was described as the only VL clinical manifestation with a significant statistical difference among HIV positive and negative individuals, while the results for other typical VL clinical characteristics were similar in the groups, which is the opposite of the results found in the present study. Peters et al [31] described that a lower frequency of splenomegaly among patients coinfected with AIDS is due to a flaw in the macrophages response, seeing that spleen enlargement in VL is related to the macrophage proliferation.
Regarding the VL laboratory confirmation, our results showed that among the coinfected there is a higher positivity in the parasitological diagnosis and lower in the immunological diagnosis, which is similar to the findings of other authors [23, [30] [31] [32] .
For coinfected individuals, the relapse proportion was twice as higher than of non-coinfected. The tendency to relapse is one of the most observed characteristic in studies of VL with HIV coinfection. Fernández-Guerrero et al [30] described that 40% of the HIV positive individuals had one or more relapses. Alexandrino-de-Oliveira et al [25] reported one or more relapses in 13 coinfected patients from a total of 23 cases, representing 56.5% of relapses.
The fatality rate was 25% in coinfected cases, which is three times higher than in non-coinfected. Several authors have reported a higher fatality rate among VL/HIV and VL/AIDS coinfected patients [21, 23, 31] , and the cause of death of coinfected patients being other conditions associated to AIDS, such as opportunistic diseases and therapeutic complications [23] . Nevertheless, Pintado and López-Vélez [32] highlighted the possibility of the VL contribution to death, either by immunosuppression independent of HIV or by stimulation of the HIV replication. The use of HAART described in a previous study [21] , has shown a significant improvement of the survival of Leishmania-HIV coinfected patients; however, the reduction of relapses with the use of HAART still deserves further studies. Additionally, the benefit of HAART will not impact the population with difficulties to access the health system, i.e. the impoverished people living in the periphery of the largest cities who ignore their HIV status. Our data demonstrated that 541 VL coinfected patients were not reported in the AIDS database. Then, such underreporting could be explained at least in part by late detection of the HIV infection, considering that most of the symptomatic VL/HIV coinfected patients have lower CD4+ cell counts at the onset of VL symptoms [33] .
Considering that the association between VL and AIDS is relatively recent and has been growing worldwide, including in Brazil, this study contributes to the knowledge of profile, magnitude and prognosis of the VL/AIDS coinfection in the country. Moreover, the results may subsidize actions to overcome challenges related to both diseases and assist in guiding actions and decision-making processes.
The increased availability of large databases with computerized health data, in the last decades, has contributed to an ongoing interest of combining records from different databases, in search for complementary information. The present study demonstrates the usefulness of this strategy to reveal the importance of a clinical status with extremely relevant practical implication in the care offered to patients with VL or AIDS.
The epidemiological status of VL/HIV-AIDS coinfection in Brazil shown by this study is concerning. Since a significant portion of the two diseases in Latin America is concentrated in Brazil [3, 34] , the growing number of coinfection cases is a challenge for the health system, especially regarding the impact on the fatality rate of VL patients. This behavior can be analyzed as a model of what may occur in other countries where VL has been presenting emerging patterns, such as Paraguay and Argentina.
Another relevant point is the low vulnerability of the VL transmission cycle in face of the current available control interventions, which allows to reasonably affirm that the number of people infected by L. infantum in Brazil, and other endemic countries of the Latin America, is not going to decrease over the next years. In this regard, interventions aimed at reducing the incidence and early detection of HIV infection, as well as initiating specific antiretroviral treatment, are crucial to reduce the incidence of coinfection in its symptomatic form. Despite it can be argued that the increased coinfection incidence is due to better access to HIV serological testing in VL patients, it would be unlikely to attribute the total phenomenon to the success of this strategy. Since the relationship of the databases identified the existence of a relevant portion of VL patients who were not undergone a serological test to detect HIV infection. Thus, full implementation of HIV testing effectively offered to 100% of VL patients is crucial as stated in the Brazilian MoH recommendations since 2011 [33] .
The scenario presented here calls for the urgent need to implement efficient policies that allow early detection and treatment of HIV infection, before VL development, to avoid symptomatic cases of coinfection. Once the symptomatic VL/HIV coinfection is present it would be essential to maintain reference centers with high clinical and technological skills to offer proper care, including effective and less toxic drugs, and follow-up to achieve a lower casefatality rate.
Finally, the improvement of specific VL treatment for HIV coinfected people deserves especial attention because of the poor prognosis related to the toxicity of the currently available drugs, mainly meglumine antimoniate and amphotericin B deoxycholate. Despite access of coinfected patients to liposomal amphotericin B being universal and free of charge in Brazil and the fact that this drug represents a significant advance to toxicity reduction, there is a lack of long-term efficacy, seeing the occurrence of relapses, which needs to be properly addressed [35] . Combination therapy and optimized secondary prophylaxis must be considered; furthermore, carefully designed clinical trials and observational studies must be prioritized in the near future. 
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